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(54) ELECTRIC HELD EMISSION NEGATIVE ELECTRODE AND ITS FORMING METHOD 

(57)Abstract: 

PURPOSE: To provide an electric field emission negative 
electrode with large current density and stable 
characteristic which is advantageous for enlargement of 
area by forming, on a base, a negative electrode part 
having a fine needle electrode oriented in a determined 
direction and having one end exposed so as to have a 
determined form. 

CONSTITUTION: A photoresist 7 in which a fine needle 
electrode material 6 of ultrafine grain is mixed is applied 
onto a silicon base 1 . This electrode material 6 is 
oriented to the right angle to the silicon base 1 , and the 
photoresist 7 is then hardened. The photoresist 7 is 
photo-etched and patterned into columns. The 
photoresist 7 is electively etched to protrude one end of 
the electrode material 6 from the upper part of the 
photoresist 7. Thereafter, a voltage applying conductive 
film 8 is formed on the silicon base 1 and the photoresist 
7, and patterned into a determined form by etching. 
Thus, a field emission negative electrode in which one 

end of the fine needle electrode is exposed from the negative electrode part on the base is 
provided. 
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* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Field emission cathode where an end is characterized by having the minute needlelike 
electrode exposed from the cathode section while consisting of a substrate and the cathode 
section formed on this substrate at the predetermined configuration and carrying out orientation 
in the predetermined direction into this cathode section. 

[Claim 2] Field emission cathode according to claim 1 characterized by having the conductor 
which covers the front face of the minute needlelike electrode exposed from the above- 
mentioned cathode section and the above-mentioned cathode section by the conductive film. 
[Claim 3] Field emission cathode characterized by consisting of the substrate in which the 
conductive film was formed, the conductive cathode section formed on the substrate in contact 
with this conductive film, and a minute needlelike electrode projected from the cathode section. 
[Claim 4] The formation approach of the field-emission cathode characterized by to have applied 
on a substrate the photoresist which mixed a minute needlelike electrode material, to have 
carried out the orientation of the minute needlelike electrode material in the predetermined 
direction, and to have the process solidify, the process which carry out patterning of this 
photoresist by photo etching, the process which the selective etching of the above-mentioned 
photoresist carries out [ process ], and make the end of the above-mentioned minute needlelike 
electrode material project from the above-mentioned photoresist, and the process which form 
the conductive film on the above-mentioned photoresist which the end of the above-mentioned 
minute needlelike electrode material projected. 

[Claim 5] The process which applies on a substrate the binder which mixed the minute needlelike 
electrode material, carries out orientation of the above-mentioned minute needlelike electrode 
material in the predetermined direction, and is solidified. The process which applies a photoresist 
on a binder, and the process which carries out patterning of this photoresist by photo etching, 
The process which carries out patterning of the above-mentioned binder by etching by using the 
above-mentioned photoresist as a mask, The process which removes the above-mentioned 
photoresist, and the process which selective etching of the above-mentioned binder is carried 
out [ process 1 and makes the end of the above-mentioned minute needlelike electrode material 
project from the above-mentioned binder, The formation approach of the field emission cathode 
characterized by having the process which forms the conductive film on the binder which the 
end of the above-mentioned minute needlelike electrode material projected. 
[Claim 6] The process which applies the binder which has the conductivity which mixed the 
minute needlelike electrode material which consists of a metal the process which forms the 
conductive film on a substrate, and on the above-mentioned conductive film, and carries out 
orientation of the minute needlelike electrode material in the predetermined direction, The 
process which applies a photoresist on the above-mentioned binder, and the process which 
carries out patterning of this photoresist by photo etching, The process which carries out 
patterning of the above-mentioned binder. by etching by using the above-mentioned photoresist 
as a mask, The formation approach of the field emission cathode characterized by having the 
process which removes the above-mentioned photoresist, and the process which selective 
etching of the above-mentioned binder is carried out [ process ], and makes the end of the 
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above-mentioned minut^^^dlelike electrode material project frd^^e above-mentioned binder. 
[Translation done.] 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the field emission cathode in a micro vacuum 

device etc., and its formation approach. 

[0002] 

[Description of the Prior Art] Minute field emission cathode is used recently and the attempt in 
which ultra high-speed Vacuum IC and the ultra high-speed high definition flat panel CRT will be 
formed has started. These micro vacuum devices are formed using the ultra-fine processing 
technology of a semi-conductor, and aim at advanced features and high integration of a 
component. 

[0003] Field emission cathode is the main component of a micro vacuum device, and can be 
divided into two kinds, coning and a wedge mold, from the configuration. The field emission 
cathode of coning emits an electron in the direction perpendicular to a substrate, and the field 
emission cathode of a wedge mold emits an electron horizontally. Moreover, the formation 
approach of the field emission cathode of coning can be divided into two kinds, a vacuum 
evaporationo mold and an etching mold, and when it is a vacuum evaporationo mold, cathode is 
formed of metaled vacuum evaporationo and, in the case of an etching mold, it is formed of the 
anisotropic etching of silicon. Moreover, in the case of a wedge mold, it is formed of metaled 
vacuum evaporationo and its metaled etching. Thus, there is a flat panel CRT as mentioned 
above as a device which applied the formed field emission cathode, and this tends to make the 
most of the high degree of integration of field emission cathode. 

[0004] Drawing 6 shows the configuration centering on the coning field emission cathode of the 
conventional micro vacuum device, and, for 1 , as for a gate electrode and 3, a silicon substrate 
and 2 are [ an insulator layer and 4 ] field emission cathode (emitter cone), on a silicon substrate 
1 , the field emission cathode 4 of the shape of the shape of a cone and a pyramid forms — 
having — moreover — a silicon substrate 1 top — Si02 from — the gate electrode 2 is formed 
through the becoming insulator layer 3. And an electron is pulled out from the tip of the field 
emission cathode 4 by impressing an electrical potential difference between the field emission 
cathode 4 and an anode (not shown), and impressing an electrical potential difference between 
the field emission cathode 4 and the gate electrode 2. The radius of curvature at the tip of the 
field emission cathode 4 is hundreds of A. 

[0005] Drawing 7 shows the manufacture approach of the etching mold of the micro vacuum 
device shown in drawing 6 , in order that a silicon substrate 1 may raise conductivity in drawing 
7 (a), Lynn is beforehand doped to the (001) field, and it is referred to as N type Si. a silicon 
substrate 1 top — Si3 N4 and Si02 etc. — from — the becoming etching mask 5 is formed in 
desired magnitude (the diameter of 1-2 micrometers — circular). 

[0006] Next, if anisotropic etching of the silicon substrate 1 is carried out using etching 
reagents, such as KOH, as shown in drawin g 7 (b), the pyramid-like field emission cathode 4 will 
be formed on a silicon substrate 1. The radius of curvature at the tip of the field emission 
cathode 4 is 1000A or less, next, it is shown in drawing 7 (c) — as — the silicon substrate 1 top 
around the field emission cathode 4 — Si02 from — the insulator layer 3 with a. thin thickness 
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a^^) method — forming — an insulator 



of 1-2 micrometers — a^^R) method — forming — an insulator ^PPr 3 top — the gates, such 
as W, Mo, and Ta ? — public funds — the gate electrode 2 with a thickness of 0.5 micrometers it 
is thin from a group is formed with EB vacuum deposition. 
[0007] 

[Problem(s) to be Solved by the Invention] Since the field emission cathode 4 was formed by the 
anisotropic etching of a silicon substrate 1 in the former as described above, it was difficult to 
form with the sufficient yield by the large area. Moreover, since silicon substrate 1 the very thing 
served as an electrode component, the technical problem that current density was small and the 
current-voltage characteristic also became irregular occurred. 

[0008] This invention is accomplished for solving the above technical problems, and its current 
density is large, and it aims at acquiring the field emission cathode which a property is stabilized 
and can form field emission cathode advantageous to large-area-izing, and its formation 
approach. 
[0009] 

[Means for Solving the Problem] The field emission cathode concerning claim 1 of this invention 
consists of a substrate and the cathode section on a substrate, and the minute needlelike 
electrode which the end exposed is prepared in the cathode section. The field emission cathode 
concerning claim 2 covers the cathode section of claim 1 , and the front face of a minute 
needlelike electrode by the conductive film. 

[0010] The field emission cathode concerning claim 3 of this invention prepares the minute 
needlelike electrode projected from the substrate in which the conductive film was formed, the 
cathode section formed on the substrate, and the cathode section. The formation approach of 
the field emission cathode concerning claim 4 of this invention establishes the process which 
applies on a substrate the photoresist which mixed the minute needlelike electrode material in 
the predetermined direction of orientation, the process which carries out patterning of this 
photoresist by photo etching, the process which selective etching of the photoresist is carried 
out [ process ] and makes the end of a minute needlelike electrode material project from a 
photoresist, and the process which forms the conductive film on a photoresist. 
[0011] Moreover, the formation approach of the field emission cathode concerning claim 5 The 
process which applies on a substrate the binder which mixed the minute needlelike electrode 
material in predetermined orientation, The process which applies a photoresist on a binder, and 
the process which carries out patterning of this photoresist, The process which removes a 
photoresist after carrying out patterning of the binder by using a photoresist as a mask, the 
process which selective etching of the binder is carried out [ process ] and makes a minute 
needlelike electrode material project, and the process which forms the conductive film on a 
binder are established. Moreover, the formation approach of the field emission cathode 
concerning claim 6 The process which forms the conductive film on a substrate, and the process 
which applies the conductive binder which mixed the minute needlelike electrode material in the 
predetermined direction on the conductive film, The process which applies a photoresist on a 
binder, and the process which carries out patterning of the photoresist, The process which 
removes a photoresist after carrying out patterning of the binder by using this photoresist as a 
mask, and the process which selective etching of the binder is carried out [ process ] and makes 
a minute needlelike electrode material project are established. 
[0012] 

[Function] In claim 1 of this invention, the cathode section is formed on a substrate and it has 
composition which the end of a minute needlelike electrode exposes from the cathode section, 
and anisotropic etching is not performed but it becomes advantageous to large-area-izing. In 
claims 2 and 3, it means that in addition to claim 1 the conductive film is formed on the cathode 
section or in the bottom, and the cathode section was formed with the metal, current density 
becomes large, and a property improves. In claims 4-6 of this invention, after the photoresist 
into which the minute needlelike electrode was filled up with the predetermined direction of 
orientation is applied on a substrate, patterning of this photoresist etc. is carried out, a minute 
needlelike electrode is projected from a photoresist etc. by selective etching, and the conductive 
film is further formed in the upper part or the lower parts, such as a photoresist. Therefore, it 
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means that field emissionBathode was formed with the metal, cui^mt density becomes large, 

and a property is also stabilized. Moreover, since anisotropic etching is not performed, it 

becomes advantageous to large-area-izing. 

[0013] 

[Example] 

One or less example and the example of this invention are explained with a drawing. Drawing 1 is 
the sectional view showing the formation approach of the field emission cathode of the micro 
vacuum device by the example 1, and applies the photoresist 7 filled up with the ultrafine particle 
6 of needle crystal on the silicon substrate 1 as first shown in drawing 1 (a). Orientation of the 
ultrafine particle 6 is carried out so that the longitudinal direction may become right-angled with 
a silicon substrate 1 . 

[0014] Next, as shown in drawing 1 (b), photo etching of the photoresist 7 is carried out, and 
patterning is carried out to the shape of a column. Next, as shown in drawing 1 (c), selective 
etching of the ultrafine particle 6 is carried out to a photoresist 7. At this time, the direction of a 
photoresist 7 has become is easy to be etched, and the end of an ultrafine particle 6 projects 
from the upper part of a photoresist 7. Next, as shown in drawing 1 (d), the conductive film 8 for 
electrical-potential-difference impression is formed on a silicon substrate 1 and a photoresist 7, 
and patterning is carried out to a predetermined configuration by etching. Drawing 2 is the 
enlarged drawing of the field emission cathode formed by doing in this way. Here, an ultrafine 
particle 6 is CK)2. It is formed, and before being etched in the shape of photoengraving-process 
back-housing, hard baking of the photoresist 7 is carried out. 

[0015] Since the photoresist 7 an ultrafine particle 6 carries out [ the photoresist ] orientation in 
a silicon substrate 1 and the direction of a right angle and by which it was filled up with the 
example 1 into them is formed in the shape of a column and the conductive film is further 
formed on it, it means that field emission cathode was formed with the metal, current density 
becomes high, and the current-voltage characteristic is also stabilized. Moreover, since 
anisotropic etching is not performed, it becomes advantageous to large-area-izing. 
[001 6] Example 2 drawing 3 is the sectional view showing the formation approach of the field 
emission cathode by the example 2, as first shown in drawing 3 (a), it applies the binder 9 with 
which it filled up with the ultrafine particle 6 by which orientation was carried out in the silicon 
substrate 1 and the direction of a right angle on the silicon substrate 1, and then, as shown in 
drawing 3 (b), it applies a photoresist 10 on a binder 9. Next, as shown in drawing 3 (c), photo 
etching of the photoresist 10 is carried out, and a desired pattern is obtained. 
[001 7] Next, as shown in drawing 3 (d), a binder 9 is etched by using this photoresist 10 as a 
mask, and a photoresist 9 is removed as shown in drawing 3 (e). Next, since selective etching of 
an ultrafine particle 6 and the binder 9 is carried out as shown in drawing 3 (f), and the direction 
of a binder 9 is easy to be etched, the end of an ultrafine particle 6 projects from a binder 9. 
Next, as shown in drawing 3 (g), the conductive film 8 is formed on a binder 9 and a silicon 
substrate 1, patterning is carried out to a predetermined configuration by etching, and field 
emission cathode is obtained. It has the effectiveness as an example 1 that an example 2 is also 
the same. 

[0018] Example 3 drawing 4 is the sectional view showing the formation approach of the field 
emission cathode by the example 3, as first shown in drawing 4 (a), it forms the conductive film 8 
on a silicon substrate 1, and it applies the conductive polymer film 1 1 filled up with the ultrafine 
particle 6 next as shown in drawing 4 (b) on the conductive film 8. Orientation of the ultrafine 
particle 6 is carried out to the silicon substrate 1 and the right angle. Next, as shown in drawin g 
4 (c), a photoresist 10 is applied on the conductive polymer film 1 1, and as shown in drawing 4 
(d), patterning of the photoresist 10 is carried out to a predetermined configuration by photo 
etching. 

[0019] Next, as shown in drawin g 4 (e), by using a photoresist 10 as a mask, patterning of the 
conductive polymer film 1 1 and the conductive film 8 is carried out by etching, and as shown in 
drawin g 4 (f), a photoresist 10 is removed. Next, since selective etching of the conductive 
polymer film 1 1 is carried out to an ultrafine particle 6 as shown in drawin g 4 (g), and the 
direction of the conductive polymer film 11 is easy to be etched, the end of an ultrafine particle 
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6 projects from the upp< 




frt of the conductive polymer film 11. 




is way, it has the 



effectiveness as the above-mentioned example that the formed field emission cathode is also 
the same. In addition, patterning of the conductive film 8 may be performed after the above- 
mentioned selective etching. 

[0020] Example 4 drawing 5 shows the perspective view of the field emission cathode by the 
example 4, and the formation approach is the same as that of an example 1. However, orientation 
of the ultrafine particle 6 is carried out in parallel with the silicon substrate 1 in a photoresist 7, 
and it has the same effectiveness as an example 1. It becomes the direction of orientation same 
also in the case of examples 2 and 3. 



[Effect of the Invention] As mentioned above, according to claim 1 of this invention, form the 
cathode section on a substrate and he is trying to expose a minute needlelike electrode from 
this cathode section, and anisotropic etching becomes unnecessary and large area-ization of it 
is attained. Moreover, in claims 2 and 3, it means that the conductive film is formed on the 
cathode section or in the bottom, and the cathode section was formed with the metal, and 
current density is high, a property is stabilized, and the engine performance and dependability 
can be raised. Moreover, according to claims 4-6, the photoresist by which the minute needlelike 
electrode was filled up with the predetermined direction of orientation on the substrate is 
applied. A minute needlelike electrode is made to project from a photoresist etc. by post 
selection etching which carried out patterning of this photoresist etc. Furthermore the 
conductive film is formed in the upper part or the lower parts, such as a photoresist, while it 
means that field emission cathode was formed with the metal and it can make current density 
high, the current-voltage characteristic is stabilized and the engine performance and 
dependability can be raised. Moreover, since anisotropic etching is not used, it becomes 
advantageous to large-area-izing. 
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* NOTICES * 




JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 2] 




[Drawing 5] 




[Drawing 6] 
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